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57) ABSTRAC 
The invention relates to an evacuatable bone cement 
syringe comprising a container (8) for receiving the 
bone cement prior to its application, and comprising a 
pressure generating apparatus for precompressing the 
bone cement in the container (8). A bell (100) compris 
ing a vacuum tube (110) is placed over the container (8) 
and held in place by a flange (105) so that the gases 
which escape during the process of precompression can 
be sucked off. In this way it is possible to reduce the 
porosity of the bone cement which is being applied. 

8 Claims, 2 Drawing Sheets 
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1. 

EVACUATABLE BONE CEMENT SYRINGE 

This is a continuation of application Ser. No. 
07/388,745 filed on Aug. 2, 1989, now abandoned, 
which is a continuation of application Ser. No. 
07/131,135 filed as PCT DE87/00/22 on Mar. 20, 1987, 
published as WO87/05491 on Sept. 24, 1987, now 
abandoned. 

BACKGROUND OF THE INVENTION 

The invention relates to an apparatus and a process 
for mixing and applying bone cement. An apparatus of 
this kind is known, for instance, from EP-A1-170 120. 
The components of artificial joints are usually an 

chored to the bony bed using cold polymerizing two 
components resins called bone cement. The bone ce 
ment hardens as soon as it has been applied and achieves 
an anchoring of the prosthesis component into the bony 
bed by means of its plastic properties. Polymethylme 
thacrylates (PMMA) have been used for more than 20 
years as bone cement; they comprise powdery bead 
polymers superficially dissolved in a liquid monomer 
and are finally embedded therein by polymerisation. In 
the mixing phase the monomer surrounds the pellet 
shaped bead polymer. This first leads to a bloating of 
the pellets in which a considerable amount of air bub 
bles are trapped. The chemical reaction of the bone 
cement is initiated by a starter reaction, wherein diben 
Zoyl peroxide is usually activated by an activator, i.e. 
p-amino-toluidine, and then a radical chain polymerisa 
tion is initiated. This process of polymerisation takes 
place exothermically. In addition to the trapped air 
bubbles, when the polymer pellets are surrounded by 
the monomer, so-called "lee phenomena' appear regu 
larly. Also, the monomer liquid evaporates during the 
process of exothermic polymerisation which leads to 
the fact that in the end the hardened polymer is riddled 
with various bubbles of different ethiology and genesis. 
As a rule, the polymer powder or prepolymer is 

added to the monomer and mixed in a bowl using a 
spatula. In the processing phase which follows the mix 
ing phase, the bone cement is applied to the bony bed, 
for instance to the femoral medullary canal or the bony 
acetabulum, both of which have been prepared for the 
anchoring of the cemented prosthesis components; the 
application is usually performed by hand and sometimes 
using a syringe. Such a syringe is described in DE-A-28 
01 706 or in EP-A1-170 120, for instance. By using a 
bone cement syringe, markedly better results were 
achieved in the technique of cementing in view of the 
cement anchorage in bones than had been achieved 
with the conventional method in which the bone ce 
ment was finger packed. 
On the one hand the aim of improving the cementing 

technique was to improve the anchorage in the bone by 
impacting the bone cement, on the other, however, one 
also wanted to solidify the bone cement itself and in 
prove the material properties of the plastic mass. For 
this reason an attempt was made to compress the bone 
cement as described, for instance, in EP-A1-170 120. 
Other authors attempted to remove the air bubbles by 
evacuating them during the mixing phase as is done 
with cement used on building sites. However, as the 
evaporation temperature of the monomer reaches its 
critical stage at room temperature, monomer bubbles 
already formed in the bone cement at a pressure of 
under 400 mbar (40 kPa). This lead to the development 
of processes (LIDGREN, DRAR and MOELLER, 
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2 
"Polymethylmethacrylate Mixing with Special Refer 
ence to Strength', Acta Orthop Scand, 1984, 
LIDGREN, BODELIND and MOELLER, “Mechan 
ical Properties of Bone Cement with Special Reference 
to Vacuum Mixing and Chilling', presented at the 
Swedish Medical Society's Meeting on 30th November 
1984) which attempted to prevent the monomer from 
evaporating by supercooling it and achieved a major 
reduction in the number of bubbles in the bone cement 
paste. Due to the reduction of the temperature, how 
ever, the process of polymerisation took longer as the 
chemical reactions took place more slowly. What is 
more, problems arose from the complicated process of 
supercooling the monomer and the mixing vessel. 

Summary of the Invention 
The object of the invention is to avoid the above 

disadvantages when evacuating the bone cement and to 
provide an apparatus and a process for mixing and ap 
plying bone cement with which the pore volume en 
closed in the bone cement can be diminished even fur 
ther and the stability of the completely polymerised 
bone cement increased. 

This object is achieved especially by the features of 
the patent claims. 
The invention is based on the principle of evacuating 

the bone cement whilst mechanically pre-pressurizing it 
at the same time. 
The use of the bone cement syringe according to 

EP-A1-170 120, in which the bone cement can be me 
chanically prepressurized by compressed air, is aimed at 
pushing out the bubbles between the lamellar cylinder 
and the cap. The bone cement itself cannot pass through 
the cap and the lamellar cylinder. If a suction bell is 
placed over the cartridge and a vacuum applied at the 
same time, no evaporation of the monomer can be ob 
served during the precompression phase, it can far more 
be seen that the trapped bubbles can escape both 
through the cap and the lamellar cylinder depending on 
the intensity of the applied vacuum and the viscosity of 
the bone cement. 
By pressurising the bone cement column in its appli 

cator, the mechanical pressure applied to the cement 
mixture can affect the evaporation curve of the mono 
mer in such a way that the non-vacuum-tight cap or the 
non-vacuum-tight lamellar cylinder will let the trapped 
air bubbles through if a vacuum is applied at the same 
time, whereas the bone cement itself remains firmly 
compressed. 
The effect of the evacuation can be enhanced by 

radially notching the lamellae of the lanellar cylinder, 
e.g. with a scalpel, so that no slot defects occur and the 
lamellae can be moved in opposition to one another in 
the area of sectors either in an offset fashion or in a 
synchronous fashion. This process allows air bubbles 
and trapped gas bubbles to escape through the lamellar 
cylinder very easily, whereas the cement itself can only 
flow into the first or maybe just into the second groove 
of the tri-lamellar cylinder for instance, whereupon the 
lamellae become more stable. Only the trapped gas and 
the excess liquid monomer can flow past the metal 
plunger. 

In order to control the pressure during the process of 
evacuation, one can preferably use a simple pressure 
measuring apparatus comprising a small cylinder hav 
ing a flat coil, which cylinder has a coloured calibration 
arranged on its outer surface, for instance variously 
anodized aluminium rings, and which is sucked quite a 
way into the flange of the vacuum bell. Such an evacu 
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ating unit can be very easily equipped for controlled 
evacuation, too. It is, for instance, possible to apply a 
flange to the barrel of the bone cement pistol according 
to EP-A1-170 120 onto which a transparent plastic or 
glass bell comprising ground and polished flange stop 
pers can be mounted. The one side of the flange can be 
equipped with the pressure measuring cylinder de 
scribed above. By means of a needle valve comprising a 
knurled screw on the opposite side, the intensity of the 
vacuum can be very easily regulated. The vacuum beli 
can be evacuated through a vacuum tube via a suction 
connection lying parallel to the handle of the bone ce 
ment pistol. The non-vacuum-tight closure cap of the 
cement vessel and the lamellae of the lamellar cylinder 
in the pressure piston, said lamellae having been spe 
cially prepared to this effect, let the gas bubbles pass. In 
this way it is possible to achieve a considerable reduc 
tion in the pore volume of the bone cement as soon as 
the preparation phase sets in. The evacuation is contin 
ued until the bone cement has been polymerised to such 
an extent that its solidification is apparent. This will take 
place between the first and the sixth minute depending 
on the temperature and viscosity of the bone cement 
being used. This is followed by releasing the vacuum 
and precompression, and once the cap has been re 
moved, the cement is applied to the bony bed while still 
in its plastic phase. As described in EP-A1-170 120, any 
intensity of pressure can be used to carry out impaction. 
The vacuum bell and the material used for the adapter 
flange can be completely sterilised. One of the plastics 
which can be advantageously used for the vacuum bell 
is TPX(R). 

Brief Description of the Drawings 
In the following, the figures will be used to explain 

the invention in greater depth. 
FIG. 1 is an view of the individual components of the 

dismantled bone cement pistol of the invention, 
FIG.2 shows the assembled bone cement pistol of the 

invention, 
FIG. 3 is a cross-section of a lamellar cylinder com 

prising three lamellae, and 
FIG. 4a and 4b both show a top view of various 

embodiments of a lamella. 

Description of the Preferred Embodiment 
The basic structure and the mode of operation of a 

bone cement pistol which essentially corresponds to the 
bone cement pistol of the invention, but does not in 
clude the evacuation of the bone cement is described in 
EP-A1-170 120. 
The bone cement pistol has a handle 2, a casing 4, 

ejector means 6, a bone cement container 8 with a coni 
cally tapered front part 9 and a closure cap 10. The 
container 8 and the closure cap 10 are connected by a 
bayonet closure 12. Furthermore, the casing 4 is pro 
vided with a snap closure (quick closure) 14 and pins 16 
with which the container 8 is connected to the casing 4, 
which snap closure also comprises a rotatable safety 
mechanism for the bayonet closure 12. Furthermore 
there is provided a slider 20 having one projection 22, a 
lamellar cylinder or lamellar member 24 having three 
flexible lamellae 26, a compressed air connection 28 to 
be connected to a pressurised air source (not shown), a 
pressure inlet valve 30 in the shape of a dosing valve, an 
unlocking valve 32 for unlocking the pressure inlet 
valve 30, a vent button 34 and a pressure display 36. 
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4. 
The bone cement pistol of the invention also com 

prises a vacuum bell or suction bell 100, a flange 105 
which connects the bell 100 to the casing 4 of the bone 
cement pistol and a vacuum tube 110 the one end of 
which is connected by connections 115 to the flange 105 
and the other end of which is connected to a pump (not 
illustrated). The flange 105 comprises a pressure mea 
suring apparatus 120 and an adjustable valve 125. 
The mode of operation of the bone cement pistol is 

described above. During the precompression phase, in 
which the lamellar member 24 is pressed against the 
cement in the container 8, the air is sucked out of the 
bell 100 via the vacuum tube 110. Whereas the bone 
cement cannot pass through the cap 10 or the lamellar 
member 24 and remains firmly enclosed, the bubbles 
trapped in the bone cement are pressed out of the same 
by the pressure exerted by the lamellar member 24. 
They can escape via both the (non-air-tight) cap 10 and 
the lamellae 26 of the lamellar member 24 which do not 
fit with the container 8 in an air-tight fashion. As the 
bone cement is subjected to pressure, no monomer can 
evaporate during this process. 
The lamellar member 24 and its three lamellae 26a, 

26b and 26c illustrated in FIG. 3 are preferably shaped 
in such a manner that the lamella 26c facing the bone 
cement has the smallest diameter and the lamellae 26b 
and 26a both have a slightly larger diameter. Lamella 
26c, for instance, has a diameter of 25.78 mm, lamella 
26b has a diameter of 25.80 mm and lamella 26a has a 
diameter of 25.82 mm. In this way it is possible to com 
pensate for process tolerances and to ensure that when 
pressurized, the bone cement can pass through the first 
or second lamella at the most, but not through all three 
lamellae 26 of the lamellar member 24. 
The lamellae illustrated in FIG. 4 preferably exhibit 

radial slots. In FIG. 4, L1 are the slots of the first la 
mella which faces the bone cement, L2 are the slots of 
the second lamella and L3 are the slots of the third 
lamella. In the two embodiments according to FIG. 4a 
and 4b, each of the slots of the individual lamellae are 
radially offset. When the lamellar member is pressur 
ized and pressed against the enclosed bone cement, the 
lamellae may slightly deform, but finally become stable 
enough to prevent the bone cement from passing 
through all three lamellae. It is quite possible to provide 
more than three lamellae for this purpose. 

I claim: 
1. An apparatus for mixing and applying bone ce 

ment, comprising: 
(a) a container for receiving the bone cement prior to 

its application, 
(b) a pressure generating apparatus operative within 

the container for prepressurizing the bone cement 
wherein the container and for later applying the 
bone cement, 

(c) vent means in gaseous communication with the 
bone cement for enabling gases in the bone cement 
to escape out of the bone cement and the container 
when pressure is exerted by the pressure generating 
apparatus, 

(d) evacuating means in gaseous communication with 
the container for sucking off the gases which es 
cape under pressure from the container, 

(e) means for retaining the bone cement in the con 
tainer which will permit escape of gases while the 
cement is pre-pressurized. 



4,966,601 
5 

2. An apparatus according to claim 1 wherein the 
evacuating means comprises a bell placed over the con 
tainer. 

3. An apparatus according to claim 2 and further 
including a casing and wherein the bell is connected to 
the casing by means of a flange. 

4. An apparatus according to claim 3, wherein the 
flange comprises a connection for a vacuum tube. 

5. The apparatus according to claim 4 further com 
prising means for measuring and controlling the pres 
sure in the bell. 

6. The apparatus according to claim 5 wherein the 
pressure generating apparatus comprises an ejector 
means having a lamellar member at its forward end, the 
lamellar member comprising at least three lamellae for 
pushing out the cement, each lamella having a slightly 
different diameter. 

7. The apparatus according to claim 6, wherein the 
lamellae have radial slots, the slots of each lamella pref. 
erably being offset, 

8. An apparatus for mixing and applying bone ce 
ment, comprising: 
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6 
a container for receiving the bone cement prior to its 

application; 
a pressure generating apparatus comprising an ejector 
means fitting cementtight in said container and 
being movable within said container for prepressu 
rizing the bone cement within the container and for 
later applying the bone cement, 

vent means in gaseous communication with the bone 
cement for enabling air bubbles and other gases to 
escape out of the bone cement and out of the con 
tainer when pressure is exerted onto the bone ce 
ment by means of the ejector means; and 

evacuating means in gaseous communication with the 
container, said evacuating means comprising suc 
tion bell means placed over the container and 
means for evacuating the space within said suction 
bell means including the space around the con 
tainer so that the air and other gases which escape 
from the bone cement and the container are drawn 
off while the bone cement is pre-pressurized, means 
for retaining the bone cement in the container 
which will permit escape of gasses while the bone 
cement is pre-pressurized. 

sit st 
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